We report on the first investigations into parametric solitary-wave formation in 2D nonlinear photonic crystals and present experimental results obtained in an hexagonally poled LiNbO3 waveguide designed for twin-beam second harmonic generation at telecom wavelengths.
1. INTRODUCTION Self-guiding filaments of light or optical spatial solitons, resulting from the balance between nonlinearity and diffraction, hold promise for the development of novel, reconfigurable photonic architectures for switching and routing. They have been predicted and demonstrated in a variety of physical settings [1] , including quadratic media. In the latter case, diffractive beam spreading is counteracted by the parametric interplay of three wavelength components, resulting in the mutual trapping and locking of multi-frequency waves (i.e. multicolour solitons). The original predictions on soliton formation via three-wave mixing [2] were confirmed nearly a decade ago by the first experiments carried out in KTP and LiNbO3 [3] [4] . Since then, the development of Quasi-Phase-Matching (QPM) materials such as Periodically Poled LiNbO3 (PPLN) has opened up new possibilities for quadratic soliton science and engineering [5] [6] .QPM has also recently been extended to higherdimensionalities, to demonstrate 2D PPLN Nonlinear Photonic Crystals (NPC), i.e. 2D lattices in the secondorder susceptibilityx(2), enabling novel and more versatile geometries for parametric interactions [7] [8] .
Here we report the first experimental and theoretical investigations on soliton formation in two-dimensional NPCs, using hexagonal lattices in lithium niobate. The study was performed in a (l+l)D configuration, using buried planar waveguides embedded in the NPC structure for maximum efficiency [9] . The results unveil an excitingly rich scenario for soliton physics and optical processing, arising as a result of multiple spatial -as well as spectral-nonlinear resonances in the 2D nonlinear lattice.
THE QPM CONFIGURATION
The structure of the two-dimensional NPC used for the experiments is schematically shown in Fig. 1a . An hexagonal modulation of the nonlinear susceptibility x(2) (period A= 16.4 gim) in the X-Y crystal plane ( Fig. 1 b) translates into the availability of multiple reciprocal lattice vectors for QPM ( The 2D QPM configuration used for twin-beam SHG in the nonlinear lattice is illustrated in Fig. 2 .
A fundamental beam (w1) propagating along the X axis ( Fig. 2a: symmetric (Fig. 3a) and the lateral shift (Fig. 3b) Fig. 3a ) and opposite beam displacements with respect to the input direction (Fig. 3b) . In the experiments we could observe an extremely rich wave dynamics. In general, for pump wavelengths close to the SHG resonances, i.e. X2,= X1 + 6k orX2,= X2+ 6X, with 6k > 0, we could observe FF self-confinement to lateral widths comparable to the input for P,, > 20 kW. The soliton response to increasing pumping levels (external peak powers) is presented in Figure 5 . The plot in Fig. 5a shows experimental results obtained close to degeneracy, while those in Fig. 5b-5c refer to the case of spectrally distinct SHG resonances, i.e. asymmetric twin-beam SHG (0,,= 0.540), at ,2,= k1+6k (Fig.5b) and )= 22 + 6k (Fig. 5c ). In the symmetric configuration, corresponding to frequency-degenerate SHG (X1 = 22= 0 and 3,f8= 5fl-), the FF beam progressively narrows as P(, increases, becoming double-humped in the interval 30 <P, < 60 kW (see insets above Fig. 5a ). The appearance of two peaks matches the predictions from equations (1) and suggests the formation of compound soliton states. In the non-symmetric case, the FF beam progressively narrows until saturation is reached, while still remaining single-humped throughout the explored power range. At the same time, it is displaced in the transverse direction, towards either positive or negative values of , (cf. Fig. 2 ), depending on the predominant "pulling" action of either SH beam. Hence the trend towards a negative shift in Fig. 5b (when k2(, ki, with 6-3 0+) and the positive displacement observed in Fig. 5c We.B2.3
The effect of the input wavelength in the solitonic regime is illustrated by Figure 6 . For symmetric SHG (Fig. 6a) 
